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RESEARCH MEMORANDUM 


PRELIMINARY LOW-SPEED WIND-TUNNEL INVESTIGATION OF SOME 

ASPECTS OF THE AERODYNAMIC PROBLEMS ASSOCIATED 

WITH MISSILES CARRIED EXTERNALLY IN 

POSITIONS NEAR AIRPLANE WINGS 

By William J. Alford, Jr., H. Norman Silvers, 
and Thomas J. King, Jr. 


SUMMARY 


A low-speed wind-t\imiel investigation, has "been made of some aspects 
of the aerodynamic problems associated with the use of air-to-air missiles 
when carried externally on aircraft. Ifeasurements of the forces and 
moments on a missile model for a range of positions \mder the midsemispan 
location of a swepthack wing indicated longitudinal and lateral forces 
and moments of sufficient magnitude to present possible serious problems 
with regard to both carriage and release of the missiles. Siirveys of the 
characteristics of the flow field in the region likely to be traversed 
by the missiles showed abrupt gradients in both flow angularity and in 
local dynamic pressure- Through the use of aerodynamic data on the 
isolated missile and the measured flow-field characteristics, the longi- 
tudinal forces and moments acting on the missile while in the presence of 
the wing-fuselage combination could be estimated with fair accuracy. 
Althou^ the lateral forces and moments predicted were qualitatively 
correct, there existed some large discrepancies in absolute magnitude. 


INTRODUCTION 


A number of problems have arisen in connection with the use of stores 
or missiles that are carried externally on aircraft. These problems 
involve the loads acting on the bodies while they are being carried or 
the influence of the loads on the paths taken by the bodies released 
from the aircraft while in flight. (See refs. 1 and 2.) In general, 
all of these problems are related to the nonuniform field of flow gener- 
ated by an airplane. Because of the complexity of the flow, the inves- 
tigations that have been reported (refs. 3 to 5) have yielded little 
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information siiita'blje for generalized interpretation of nomxnlform flow 
fields and their effects on missile launching behavior. 

The National Advisory Committee for Aeronautics is malting studies 
of the flow fields about wing-body combinations in order to provide 
f^mdamental information applicable to the use of external stores and 
missiles- As a part of this program, the present paper presents some 
results of a low-speed wind-tunnel investigation of problems associated 
with the launching of air-to-air missiles from an airplane configuration 
having a sweptback wing. Included in the paper axe results of flow-field 
surveys at the midsemispan location, results of measurements of forces and 
moments on a missile model at various locations within the field surveyed, 
and results of some calculations that indicate the degree of accuracy 
with which the missile forces and m.oments can be computed when the free- 
air characteristics of the missile and the characteristics of the flow 
field are known. 
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SYMBOLS 


missile normal-force coefficient. Normal force 

'lO^m 

missile pitching-moment coefficient, £■— 


missile 


missile 


side -force coefficient, 
yawing-moment coefficient 


Side force 

Yawing moment 
' O-oSm^m 


lift coefficient, MO . 

qoS 

free-stream dynamic pressvire, Ib/sq ft 
local dynamic pressure, Ib/sq ft 
free-stream velocity, ft/sec 

exposed area of two missile wing panels, 0.046 sq ft 
wing area, 6.25 sq ft 

local wing chord of wing-fuselage combination, ft 
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icean aerodynamic chord of exposed missile-wing area, 

0.189 ft 

span of missile wing, 0.415 ft 

span of wing-fuselage combination, 5 ft 

distance from leading edge of the local wing chord to 
missile center of gravity, positive rearward (fig. l) , 
ft 

spanwise distance from fuselage center line, positive 
ri^.t (fig. 1 ), ft 

vertical distance to missile center line above wing chord 
plane, positive up (fig. l) , ft 

diameter of missile body, 1. 08 in. 

geometric angle of attack (fig. 2 ), deg 

angle of sideslip (fig. 2 ) , deg 

resultant flow angularity induced by wing-fuselage combi- 
nation (fig. 2), measured in xz-plane, between local 
flow direction and missile model axis of symmetry, 
q»2 — go — € , deg 

resultant flow angularity induced by wing -fuselage combi- 
nation (fig. 2) , measured in xy -plane, between local 
flow direction and missile model axis of symmetry, 

Pj = p + cLeg 


downwash angle induced by wing-fuselage combination 

(fig. 2) , measured in xz-plane between free-stream flow 
direction and local flow directionj positive when local 
flow is inclined downward relative to free stream, deg 

I 

effective downwash angle induced by missile wing on 
missile tail (fig. 2 ) , positive down, deg 

sidewash angle induced by wing-fuselage combination 
(fig. 2) , measured in xy-plane between free-stream 
flow direction and local flow direction; for region 
on left side of airplane model plane of symmetry, 
positive sidewash corresponds to outward inclination 
of local flow relative to free stream, deg 
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effective sidewash angle induced by missile wing on 

missile tail (fig. 2 ), positive outboard for left wing 
panel, deg 




'a 


= ^ 
3a 

-1 _ 

" 3 ^ 

. _ SCy 

1 _ 


, per deg 
per deg 

per deg 


3p 

Subscripts 

B 

W 

T 

e 


, per deg 


missile body 
missile wing 
missile tail 
effective value 


MODELS AND APPARATUS 


The wing of the wing-fuselage combination had the quarter-chord 
line swept back 45°, an aspect ratio of 4, a taper ratio of 0-5, and 
NACA 65 AOO 6 airfoil sections parallel to the plEine of symmetry. The 
fuselage consisted of an ogival nose section, a cylindrical center 
section, and a truncated tail cone. A two-view drawing of the wing- 
fuselage combination as part of the test setup is shown in figure 1 , 
and the fuselage ordinates are presented in table I. 

The angularity and dynamic pressure surveys were made simultaneously 
with a rake of six hemispherical-headed probes utilizing both pitch- and 
yaw-angle orifices in combination with a pitot-static arrangement for 
measuring dynamic pressure. A photograph of the angularity rake installed 
on the wing -fuselage combination is presented as figure 5 - 

Tne missile used in the force and moment phase of the Investigation 
was a model of an air-to-air guided missile with an ogival nose, a 
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cylindrical body, delta wings, and 45° pointed, tail fins. The missile 
was internally instrumented with a strain-gage balance and was sting- 
mounted from the rear of the wing-fuselage combination. The arraingement 
of the missile in relation to the wing-fuselage combination is shown in 
figures 1 and 4 and its general dimensions are presented in figure 5- 


TESTS MD RESULTS 


Tne tests were made in the Langley 500 MPE 7- "by 10-foot tunnel at 
a velocity of 100 miles per hour and included surveys of the flow angu- 
larity and dynamic pressure in the vicinity of the wing-fuselage combi- 
nation, force and moment measurements on the missile model when located 
at various positions within the wing-fuselage flow field, and breakdowq 
tests of the isolated missile. This paper presents experimental results 
at angles of attack of -0.2°, 3-8°^ and 8.2° at 0° sideslip. 

The angularity an.d dynamic pressure data are presented in contour 
form for the wing mldsemlspan position. The contours of local angularity 
values are presented relative to the wing chord line and hence include 
measurements of the geometric angle plus the induced angles generated by 
the wing-fuselage combination. 

The siirveys were made over the ri^t wing with the wing-fuselage 
model inverted to avoid support-strut Interference and therefore repre- 
sent conditions under the left wing of the model. Since the missile 
model was not in place, the surveys do not include mutual interference 
effects . 

Force and moment characteristics measured on the missile while in 
the presence of the wing-fuselage combination are presented in the 
figures along with the angularity contours in order to facilitate analysis 
of the results. The positive directions of the forces and moments 
measured on the missile model are shown in figure 2. 

The results of breakdown tests of the isolated missile are presented 
as variations of normal force and pitching moment with angle of attack, 
but also are applicable as variations of side force and yawing moment 
with angle of sideslip if proper consideration is given to the definition 
of coefficients and to the sign convention. 

Jet-boundary corrections calculated by the method of reference 6, 
along with a free-stream mlsalinement angle of 0.2°, have been applied 
to the angle of attack when the wing-fuselage combination Influenced the 
test results. In the case of the isolated-missile tests, only the mis- 
alinement correction was applied. Jet-boundary corrections were not 
applied to the flow angularity results since these corrections were 
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vithin the expected accuracy limits of the flow-angularity measurements. 
Blockage corrections calculated hy the method of reference 7 were applied 
to the dynamic pressure. 

Consideration of the angularity-rake calibration, the method of rake 
support, and the data-reduction procedure indicates that the angular 
values presented are accurate to within ±0.5°- Consideration of the 
missile model strain-gage balance calibrations and the general repeat- 
ability of the data indicates that the accirracy of missile-alone force 
and moment ccmqponents are approximately accurate within the following 
limits : 


Coefficient Error 

Cjj ±0. 02 

Cm - i0.02 

Cy +0.02 

Cj, +0.01 


DISCUSSION 


The longitudinal angularity contours are presented in parts (a) and 
the lateral angularity conto\jrs are presented in parts (b) of figures 6 
to 8. Also incliided in figures 6 to 8 are the force and moment charac- 
teristics of the missile model in the presence of the wing-fuselage 
combination. The local dynamic pressure ratios are presented in figure 9 
for three angles of attack. The normal-force and pitching-moment charac- 
teristics of the isolated missile are presented in figure 10 and the 
effective downwash characteristics of the isolated missile are shown in 
figure 11. A comparison between the measured and estimated forces and 
moments on the missile in the presence of the wing-fuselage combination 
is presented in figure 12, 


Wing-Fuselage Angularity Characteristics 

The longitudinal angularity contours (parts (a) of figs. 6 to 8) 
Indicate the presence of both chordwise and vertical gradients near zero 
angle of attack with these gradients becoming generally larger as the 
geometric angle is increased. Positions where the local angularity 
exceeds i:he geometric angle indicate regions of upwash and, conversely, 
positions where the local angularity is less than the geometric angle 
are regions of downwash. The most severe gradients are seen to exist 
above the wing chord plane for positive angles of attack. 
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The lateral ajigularity contoiars (parts (h) of figs. 6 to 8) also 
indicate hoth vertical and longitudinal gradients. With the sign 
convention adopted, positive values of local angularities indicate a 
flow to the left when viewed from, the rear. Inasmuch as these surveys 
were made about the left wing panel, positive angles indicate an out- 
flow direction (flow toward tip) . It should also he noted that these 
tests were made at 0 ° sideslip. These lateral flow directions could 
then he attributed to the effects of wing sweep and thic]mess taper for 
the near zero angle-of -attack case (fig. 6(b)) and to a combination of 
the aforementioned effects with lift-induced sidewash for the lifting 
condition (figs. T(^) an<3- 8('b))'‘ Examination of the lateral angularity 
contours indicates that, near zero angle of attack, the direction of the 
flow is inboard. At positive angles of attack, the flow direction below 
the wing-chord plane is predominantly in an outboard direction, and 
above the chord plane the flow direction is inward. These results 
pertain to regions outside the wing boimdary layer and .hence have char- 
acteristics considerably different from those that would be expected 
close to the wing surface. 


Missile Force and Moment Characteristics in Presence 
of Wing-Fuselage Combination 

Presented on the same plots and xising the same abscissas as the 
angularity contours (figs. 6 to 8) are the force and moment character- 
istics of the missile when it is in the wing flow field. The longitu- 
dinal lines in tiie angularity contours identified as A and B are the 
paths along which the missile was translated. Line A is 15*5 percent 
of the local wing chord below the wing-chord plane and line B is 57-2 per- 
cent of the local wing chord below the wing-chord plane. The missile 
force and moment characteristics are presented as fimctions of the chord- 
wise positions of the missile center of gravity relative to the leading 
edge of the wing chord. (See fig. 6(a).) Also presented in figures 6 
to 8 are the isolated-missile force and moment levels, from figure 10, 
to show the degree of induced deviation. 

The missile pitching moment and normal force (parts (a) of figs. 6 
to 8) are seen to have large deviations from the respective levels of 
the isolated missile even near zero angle of attack. As would be expected 
these variations diminish as the missile is displaced from the wing-chord 
plane and tend to their free-stream level sufficiently far ahead of the 
wing. 


The yawing moments induced on the missile due to the proximity of 
the wing- fuselage combination (parts (b) of figs. 6 to 8) are seen to be 
comparable in magnitude to the pitching moments when consideration is 
given to the nondimens ionali zing parameters of these respective 
coefficients . 
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Brief stiidies using these data in conjunction with the equations of 
motion indicated that these forces and moments, hoth longitudinal and 
lateral, are of sufficient magnitude to present possible serious problems 
with regard to carriage and release of the missiles. 


Dynamic Pressure Characteristics 

The local dynamic pressure ratios in the field surrounding the wing 
(fig. 9 ) indicate that even the relatively thin airfoil section employed 
(NACA 65 AOO 6 ) generates sizeable disturbances in the air stream at essen- 
tially zero angle of attack. As the angle is increased, the lift effect 
on the dynamic-pressure ratios soon predominates over the thickness effect. 
The existence of these dynamic pressure gradients is another factor that 
must be considered in analyzing and in attempting to predict the missile 
characteristics . 


Isolated-Iiissile Force and Moment Characteristics 


The normal-force and pitching-moment characteristics of the isolated 
missile and its component parts as determined from breakdown tests in the 
free stream are shown in figure 10. By virtue of the missile symmetry, 
these data are also applicable as side-force and yawing-moment character- 
istics, considering the appropriate dimensions and signs. 

• 

The slopes of the normal-force and pitching-moment curves of the 
isolated-missile conponent parts were measured at zero angle of attack 
and are presented, along with the lateral parameters that would be obtained • 
if the tests were made at angles of sideslip, and are listed below: 


= -(%)b - 

(Nb. ■ -(Sb. - 
(S)b« - 
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(S)bt - - ^(‘V)bt = °-°5«9 

(S)b« - - I Wb.. - 

In order to determine an effective downwash. angle at the missile 
tail, as affected "by the missile wing, incremental pitching moments of 
the missile configurations utilizing the tail, with the wing both on and 
off, are presented in figure 11. The difference in angle at a constant 
pitching-moment increment is an effective downwash angle at the missile 
tail. Ihis downwash angle is referred to as an effective value, since 
the change in dynamic pressure at the missile tail due to the missile 
wing is, for these tests, unknown. By virtue of the missile symmetry, 
these angles are equal in magnitude but of opposite sign from the side- 
wash angle, if considered from a lateral-plane standpoint. 


Estimation of Missile Characteristics in the Presence 
of the Wing-Fuselage Combination 

The results of an attempt to estimate the forces and moments on 
the missile while in the presence of the wing-fuselage combination are 
presented for congiarison with the e^er i mental data in figure 12. These 
estimations were made using the isolated missile characteristics from 
the breakdown tests (figs. 10 and ll) , the angularity results (figs. 6 
to 8) , and dynamic pressure contours (fig. 9) in ihe following equations 

('’“Xotal “ ('^)b '‘Jb(55)e + (%)bw-b " 

(‘^)bt-b 

(°^)bT-E 
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= (S)b * 

(J^BT-B * %)(5o)j, 

The appropriate values of the angle of attack, sideslip, and dynamic 
pressiare were obtained by averaging the local values of a^, Pj, and 
<l7 

— at the approximate centroids of the body nose, the wing, and the 
^0 

tail. The cylindrical portion of the missile body was assumed to carry 
no force or moment. 

As can be seen in figure 12, fair agreement is obtained between the 
estimated and experimental results for the longitudinal coefficients. 

In the case of the lateral coefficients, however, although correct qual- 
itative trends are predicted, there exist some large discrepancies in 
absolute magnitude. One possible reason for these differences may be 
the fact that the estimation procedure used does not accoimt for any 
mutioal interference effects between the flow fields of the missile and 
the wing-fuselage combination. 


CONCLUDIMG REMARKS 


A low-speed wlnd-timnel investigation has been made of some aspects 
of the aerodynamic problems associated with the use of air-to-air missiles 
when carried externally on aircraft. Measurements of the forces and 
moments on a missile model for a range of positions under the mldsemispan 
location of a 45° sweptback wing indicated longitudinal and lateral forces 
and moments of sufficient magnltvide to present possible serious problems 
with regard to both carriage and release of the missiles. Surveys of the 
cliaracterlstics of the flow field in the region likely to be traversed by 
the missile showed abrupt gradients in both flow angularity and in local 
dynamic pressure. Through the use of aerodynamic data on the isolated 
missile and the measured flow-field characteristics, the longitudinal 
forces and moments acting on the missile while in the presence of the 
wing-fuselage combination could be estimated with fair accuracy. Althou^ 


NACA RM L54J20 


11 


the lateral forces and moments predicted were qualitatively correct, there 
existed some large discrepancies in absolute magnitude. 


Langley Aeronautical Laboratory, 

National Mvisory Committee for Aeronautics, 
Langley Field, Va., October 195^- 
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Figure 1.- Test setup showing the missile in one test location. (All 
dimensions are in inches unless otherwise noted.) 


NACA RM L54J20 









L-80760.1 

Figure 3 -~ Photograph of model with angularity rake installed. 
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Figure 4 .- Photograph of model with missile installed. 
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Figure 5,- Drawing of mi.ssile 
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(a) Longitiadinal cheLracteristics. 

Figure 6.- Angularity contours and missile forces and moments for 

a = -0.2°; p = 0°. 
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(b) Lateral characteristics 
Figure 6.- Concluded. 
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Chord wise distance , ^/c 


(a) Longitudinal characteristics. 

Figure 7 .- Angularity contours and missile forces and moments 

a = 5-8 ; p = 0°. 


for 
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(b) Lateral characteristics. 


Figure 7-~ Concluded 
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Chord wise distance , ^/c 


(a) Longitudinal characteristics. 


■Figure 8.- Angularity contours and missile forces and moments for 

a = 8.2°; p = 0°. 
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(Td) Lateral characteristics. 
Figure 8.- Concluded. 
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NACA RM L54J20 


o Body alone 

a Body -f tall 

^ Body+ wing 

o Complete missile 






Angie of attack , a, deg 



Figure 10.- Force and moment characteristics of Isolated laissile. 
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Figure 11 


Downwash characteristics of isolated missile 
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NACA EM L54J20 
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(a) a = -0.2°; B = 0°. 


Figure 12.- Coinparison betweyen estimated and experimental missile forces 

and moments. 


w 


KACA B14 L54J20 


29 


Es timated Experiment Vertical position 
o A 

□ Q 



(Td) a = 5.8°; p = 0°. 


Figure 12.- Continued 
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